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Abstract 

The  interrelations  of  the  seven  elements,  calcium  (Ca),  magnesium  (Mg),  sodium  (Na),  potassium  (K),  phosphorus 
(P),  copper  (Cu),  zinc  (Zn),  and  cadmium  (Cd)  in  human  breast  milk  were  examined  in  Japanese  mothers  to  clarify  the 
effects  of  Cd  exposure  on  these  important  elements  for  infant  growth.  Breast  milk  and  urine  samples  were  obtained 
from  68  mothers,  aged  19-38  years,  at  5-8  days  postpartum.  The  concentrations  were  determined  by  inductively- 
coupled  plasma  atomic  emission  spectrometry  for  Ca,  Mg,  Na,  K,  P,  by  flame  atomic  absorption  spectrophotometry 
for  Cu  and  Zn,  and  by  flameless  atomic  absorption  spectrophotometry  for  Cd.  Geometrical  mean  Cd  concentrations 
were  0.28  (geometrical  standard  deviation  =  1.82)  pg/1  in  breast  milk  and  1.00  (1.93)  pg/g  creatinine  in  urine.  Among  the 
above  elements  only  Cd  concentration  in  breast  milk  was  significantly  correlated  with  urinary  Cd  concentration  ( r  = 
0.451,  P  <  0.001).  Significant  positive  correlations  were  found  between  Cu  and  Ca  (r  =  0.500,  P  <  0.001),  Cu  and  Mg 
(r  =  0.378,  P  <  0.01),  and  Zn  and  Mg  (r  =  0.355,  P  <  0.01)  in  breast  milk.  Cd  concentration  in  breast  milk  showed  an 
inverse  relationship  with  Ca  concentration  in  breast  milk  (r  =  —0.248,  P  <0.05).  These  results  indicate  that  the  Cd 
concentration  in  breast  milk  closely  reflects  Cd  body  burden,  with  increased  Cd  in  breast  milk  possibly  affecting  Ca 
secretion  in  breast  milk. 

©  2003  Elsevier  Science  Ireland  Ltd.  All  rights  reserved. 

Keywords:  Cadmium;  Minerals;  Human  breast  milk 


1.  Introduction 

The  development  of  cadmium  (Cd)  toxicity  is 
known  to  be  related  to  the  zinc  (Zn)  and  copper 
(Cu)  status  in  the  liver  and  kidney  in  animals  (Sato 
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and  Nagai,  1989;  Liu  et  al.,  1992,  1994)  and 
humans  (Nordberg,  1978;  Honda  and  Nogawa, 
1987).  In  animals,  complex  antagonistic  interac¬ 
tions  between  Cd,  Cu  and  Zn  are  well  established, 
in  which  metallothionein  is  known  to  play  an 
important  role  (Roberts  et  al.,  1973;  Magos  and 
Webb,  1978).  In  a  previous  study  of  pregnant  rats 
exposed  to  Cd,  mobilization  of  Cd  and  metal¬ 
lothionein  in  the  liver  to  kidney  and  placenta  was 
found  at  the  same  time  when  Cu  and  Zn  of  the 
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liver  were  transported  to  their  fetuses  (Chan  and 
Cherian,  1993).  In  lactation,  Cd  is  thought  to  be 
transported  from  maternal  plasma  to  mammary 
gland  and  secreted  into  breast  milk  as  well  as  Cu 
and  Zn.  However,  the  interaction  between  Cd  and 
Cu  or  Zn  has  not  been  clarified  in  breast  milk. 
Major  nutritional  elements  like  calcium  (Ca), 
magnesium  (Mg),  phosphorus  (P),  sodium  (Na) 
and  potassium  (K)  in  breast  milk  are  required  for 
infant  development  and  growth,  but  the  effects  of 
Cd  on  their  metabolism  have  not  been  sufficiently 
investigated  either.  Especially  Ca  in  breast  milk  is 
reported  to  come  from  maternal  bone,  because  of 
a  decrease  in  maternal  bone  density  noted  in  the 
lactation  period  (Sower  et  al.,  1993;  Kalkwarf  et 
al.,  1999).  On  the  other  hand,  bone  is  a  target 
organ  of  Cd  toxicity,  and  decreased  bone  density  is 
found  in  the  general  population  exposed  to  even 
low  doses  of  Cd  (Alfven  et  al.,  2000;  Honda  et  al., 
1997).  However,  the  effect  of  Cd  exposure  on  Ca 
or  other  elements  related  to  Ca  secretion  in  human 
breast  milk  is  also  unsettled.  Thus  in  this  study  we 
tried  to  clarify  the  interrelations  between  the  major 
nutritional  elements  Ca,  Mg,  P,  Na,  K  and  the 
essential  trace  elements  Cu  and  Zn,  and  Cd  in 
human  breast  milk. 


2.  Materials  and  methods 

2.1.  Subjects 

The  subjects  were  68  women  aged  19-38  years, 
comprising  69.4%  of  the  women  who  delivered 
their  infants  at  Toyama  Medical  University  Hos¬ 
pital  and  who  had  sufficient  breast  milk  to  provide 
samples  after  feeding  their  babies.  The  subjects 
were  all  Japanese  and  lived  in  non-industrial  area 
close  to  the  hospital,  and  more  than  70%  of  them 
were  housewives  whose  most  common  job  before 
marriage  was  office  work.  There  were  no  signifi¬ 
cant  differences  in  nutritional  status  or  health 
management  practices  between  the  subjects  who 
participated  in  the  present  study  and  those  who 
did  not.  Informed  consent  for  this  study  was 
obtained  from  all  subjects  in  the  appropriate 
manner.  Information  about  occupational  exposure 
to  Cd,  residence  in  a  Cd  polluted  area  and 


smoking  habit  was  obtained  via  a  questionnaire 
filled  out  by  the  subjects  themselves,  and  con¬ 
firmed  by  maternity  nurses  during  the  hospital 
admission  after  delivery. 

2.2.  Analysis  of  urine  and  breast  milk 

Urine  and  transitory  milk  samples  were  col¬ 
lected  into  polypropylene  tubes  on  the  5th  post¬ 
partum  day  or  8th  day  in  the  cases  with  delayed 
milk  excretion  because  of  cesarean  section.  The 
samples  were  kept  frozen  at  —20  °C  until  ana¬ 
lyses.  Cd  concentration  in  urine  was  analyzed  by 
flameless  atomic  absorption  spectrophotometry 
after  wet  ashing  in  HNO3/H2SO4/HCIO4  and 
extraction  with  APDC  (ammonium  pyrrolidine 
dithiocarbamate)-MIBK  (methyl  isobutyl  ketone), 
and  corrected  for  the  urinary  creatinine  concen¬ 
tration.  The  concentrations  were  determined  by 
inductively-coupled  plasma  atomic  emission  spec¬ 
trometry  for  Ca,  Mg,  Na,  K,  P  and  by  flame 
atomic  absorption  spectrophotometry  for  Cu  and 
Zn,  and  by  flameless  atomic  adsorption  spectro¬ 
photometry  for  Cd,  after  digestion  by  HNO3/ 
HCIO4  and  dilution  with  HNO3. 

2.3.  Statistical  analysis 

Student’s  t-test  or  a  Welch’s  test  was  used  in  the 
analysis  of  data  to  determine  significant  bivariate 
differences  between  groups  with  and  without 
characteristics  of  mothers  and  delivery.  Simple 
correlations  between  urinary  Cd  and  seven  other 
elements  in  breast  milk,  and  between  Cd  and  Mg, 
Na,  K,  Ca,  P  in  breast  milk  were  tested  by 
Spearman’s  rho  to  determine  the  relationship 
between  them. 


3.  Results 

Cadmium  concentration  in  breast  milk  of  the 
subjects  was  0.07-1.23,  geometrical  mean  0.28 
(geometrical  standard  deviation  =  1.82)  jj.g/1.  The 
levels  of  Cd  in  breast  milk  were  not  affected  by 
maternal  age,  parity,  or  cesarian  operation  status 
(Table  1).  The  observed  eight  elements  concentra¬ 
tions  in  breast  milk  of  these  subjects  were  shown  in 


Table  1 

Comparisons  of  elements  concentrations  in  breast  milk  between  two  groups  according  to  maternal  age  and  history  of  delivery 
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Table  1.  The  level  of  Zn  in  breast  milk  of 
nulliparas  was  significantly  higher  than  that  of 
multiparas  (Table  1).  There  was  no  difference  in 
the  concentrations  of  other  elements  in  breast  milk 
between  the  two  groups  according  to  these  factors 
related  to  delivery. 

To  clarify  the  effect  of  Cd  exposure  on  the 
major  nutritional  elements  and  trace  elements  in 
breast  milk,  the  correlations  between  urinary  Cd 
and  Na,  K,  Ca,  Mg,  P,  Cu,  Zn  and  Cd  in  breast 
milk  were  computed.  Among  the  eight  elements  in 
breast  milk,  only  Cd  concentration  in  breast  milk 
was  significantly  correlated  with  urinary  Cd  con¬ 
centration  which  is  known  to  be  an  index  of  Cd 
body  burden  (r  =  0.451,  P<  0.001)  (Table  2). 
Urinary  Cd  concentrations  of  these  subjects  were 
0.28-5.13,  (geometrical  mean  1.00,  geometrical 
standard  deviation  =  1.93)  pg/g  creatinine. 
Although  the  results  were  not  shown  in  the  tables, 
no  significant  relationship  between  Cd  in  breast 
milk  and  maternal  age  was  found. 

The  interaction  of  metals  and  nutritional  ele¬ 
ments  in  breast  milk  is  another  focus  of  this  study. 
Significant  positive  correlations  were  found  be¬ 
tween  Cu  and  Ca  (r  =  0.500,  P  <0.001),  and  Cu 
and  Mg  (r  =  0.378,  P<  0.001),  and  Zn  and  Mg 
(r  =  0.355,  P  <  0.01)  concentrations  in  breast  milk. 
However,  Ca  concentration  in  breast  milk  showed 
a  significant  inverse  relationship  with  Cd  concen¬ 
tration  in  breast  milk  (r  =  —  0.248,  P<0.05) 
(Table  3). 


4.  Discussion 

Breast  milk  is  not  only  an  important  source  of 
various  nutrients,  but  also  a  source  of  environ¬ 
mental  pollutants,  heavy  metals  and  dioxins  and 
so  on.  Although  Cd  in  breast  milk  is  one  of  the 
major  sources  of  Cd  exposure  for  infants,  the 
effects  of  Cd  in  breast  milk  on  infant  health  have 
not  been  well  clarified,  because  the  levels  of  Cd  in 
breast  milk  are  low,  and  no  relationship  between 
maternal  Cd  exposure  and  Cd  in  breast  milk  was 
found  in  previous  European  studies  (Radish  et  al., 
1987;  Oskarsson  et  al.,  1998).  We  previously 
reported  that  the  Cd  concentration  in  breast  milk 
of  mothers  with  high  urinary  concentrations  (  >  2 
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fig/g  Cr)  was  higher  than  that  of  mothers  with  less 
urinary  Cd  (Nishijo  et  ah,  2002).  The  level  of  Cd  in 
breast  milk  in  this  study  was  higher  than  that 
reported  in  European  countries,  because  Cd  body 
burden  is  higher  in  Japan  (WHO,  1992).  In  this 
study  based  on  a  greater  number  of  subjects  drawn 
from  non-industrial  area  with  a  wide  range  of 
urinary  Cd  concentrations,  it  was  confirmed  that 
Cd  in  breast  milk  increased  in  parallel  with 
increases  in  urinary  Cd. 

The  levels  of  major  nutritonal  and  trace  ele¬ 
ments  except  Cd  in  breast  milk  of  these  subjects 
were  similar  to  those  reported  in  previous  reports 
in  European  or  Asian  countries  (Arnaud  and 
Favier,  1995;  Lin  et  al.,  1998;  Wasowicz  et  ah, 
2001).  However,  the  influences  of  maternal  age 
and  parity  on  these  elements  in  breast  milk  were 
controversial  in  these  studies.  Lin  et  ah  (1998) 
reported  that  Zn  concentration  in  breast  milk  of 
mothers  aged  >  30  years  old  was  higher  than  that 
of  younger  mothers  aged  20-29  years  old,  despite 
which  they  were  unable  to  detect  a  significant 
relationship  between  Zn  in  breast  milk  and  parity. 
In  contrast,  we  could  not  find  any  differences  in 
the  Zn  concentration  between  different  aged 
groups  in  this  study,  and  found  that  Zn  levels  in 
breast  milk  of  nulliparas,  who  are  younger  than 
multiparas,  was  higher  than  that  of  multiparas. 
Similarly,  Arnaud  et  ah  (Arnaud  and  Favier,  1995) 
reported  the  effect  of  parity  on  Cu  concentrations 
in  breast  milk,  but  no  such  effect  was  noted  in  the 
present  subjects.  These  inconsistent  results  may  be 


Table  2 

Correlation  coefficients  between  urinary  Cd  and  eight  elements 
in  breast  milk 


Milk  elements 

Correlation  coefficients 

Cd 

0.451*** 

Cu 

-0.197 

Zn 

-0.066 

Na 

-0.117 

K 

-0.056 

Ca 

-0.073 

Mg 

-0.064 

P 

0.097 

***  P  <0.001. 


Table  3 

Correlations  between  trace  elements  and  major  nutritional 
elements  in  breast  milk 


Trace  elements 

Cd 

Cu 

Zn 

Na 

-0.052 

0.066 

0.066 

K 

0.093 

0.146 

0.224 

Ca 

-0.248* 

0.500*** 

-0.013 

Mg 

0.027 

0.378** 

0.355** 

P 

0.049 

0.049 

-0.078 

*  P  <0.05, 

**  P  <0.01, 
***  P  <  0.001. 


attributable  to  differences  in  lifestyle,  especially 
dietary  habits. 

The  most  interesting  issue  in  the  present  study  is 
the  interaction  between  Cd  and  major  nutritional 
and  trace  elements  in  breast  milk,  because  the 
nutritional  function  of  milk  is  important  for  infant 
health.  In  the  liver  or  kidney,  the  interactions  of 
Zn  and  Cd  or  Cu  and  Cd  are  well  known  from  the 
earlier  literature  (Nordberg,  1978;  Honda  and 
Nogawa,  1987),  but  we  could  not  detect  their 
relations  in  breast  milk  of  these  subjects.  The 
differences  in  the  secretion  mechanisms,  in  which 
metallothionein  is  not  involved,  between  Cd  and 
Cu  or  Zn  in  breast  milk  need  to  be  investigated  in 
future. 

In  this  study,  Cd  was  negatively  related  to  Ca  in 
breast  milk,  whereas  Zn  and  Cu  were  positively 
correlated  with  Ca  or  Mg.  Early  breast  milk  Ca 
was  reported  to  be  provided  by  maternal  renal 
conservation  of  Ca  and  by  loss  of  spinal  tubular 
bone.  These  sites,  renal  tubules  and  bone,  are  well 
known  target  organs  of  Cd  toxicity,  even  at  low 
exposure  levels  (Alfven  et  ah,  2000;  Honda  et  ah, 
1997).  Ohta  et  ah  (1998)  reported  the  effect  of  Cd 
on  bone  density  and  renal  function  in  pregnant 
and  lactating  rats.  These  results  suggest  that  Ca 
metabolism  in  bone  and  kidney  are  affected  by  Cd 
in  humans. 

Phosophorus  also  influences  Ca  uptake,  and  Ca/ 
P  ratio  is  important  in  bone  mineralization  in  bone 
and  Ca  excretion  in  kidney,  but  no  relationship 
was  found  between  P,  Ca/P  and  Cd  in  breast  milk. 
There  is  another  possibility  of  inhibition  of  Ca 
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transport  by  Cd  in  the  mammary  grand,  because 
urinary  Cd  did  not  show  a  significant  relation  to 
Ca  in  breast  milk. 

More  studies  on  the  effects  of  Cd  on  bone  mass 
and  on  intestinal  Ca  absorption  of  mothers  are 
necessary  to  clarify  the  mechanism  of  decreased 
Ca  by  Cd  exposure  in  breast  milk.  However,  this 
relationship  between  Ca  and  Cd  suggests  that  a 
high  level  of  Cd  in  breast  milk  is  a  matter  of  not 
only  additional  body  burden  but  also  decreased  Ca 
intake  in  the  infants. 


5.  Conclusion 

The  present  results  indicate  that  Cd  concentra¬ 
tion  in  breast  milk  is  closely  associated  with 
environmental  Cd  exposure,  and  that  there  may 
be  an  inverse  relationship  between  Cd  and  Ca 
concentrations  in  breast  milk. 
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